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DISCLAIMER

This report was prepared by Air Products & Chemicals, Inc., pursuant to a Cooperative Agreement
partially funded by the U.S. Department of Energy, and neither Air Products & Chemicals, Inc. nor any of
its subcontractors nor the U.S. Department of Energy, nor any person acting on behalf of either:

(A) Makes any warranty or representation, express or implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this report, or that the use of any information, apparatus,
method, or process disclosed in this report may not infringe privately owned rights; or

(B) Assumes any liabilities with respect to the use of, or for damages resulting from the use of, any
information, apparatus, method, or process disclosed in this report.

Reference herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute its endorsement, recommendation, or favoring
by the U.S. Department of Energy. The views and opinions of authors expressed herein does not
necessarily state or reflect those of the U.S. Department of Energy.
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methyl tertiary butyl ether

National Environmental Policy Act
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Production of Methanol/DME Using the LPMEOH™ Process at an
Integrated Coal Gasification Facility
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Work Breakdown Structure
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Executive Summary

The Liquid Phase Methanol (LPMEOH™) Demonstration Project at Kingsport, Tennessee is a
$213.7 million cooperative agreement between the U.S. Department of Energy (DOE) and Air
Products and Chemicals, Inc. (Air Products). The demonstration is sited at the Eastman
Chemical Company (Eastman) complex in Kingsport. Air Products and Eastman executed a
partnership agreement on 4 October 1994, forming the Air Products Liquid Phase Conversion
Company, L.P (the Partnership). Air Products is the general partner of the Partnership. The
DOE reviewed the partnership agreement and novated the cooperative agreement to the

Partnership, pending final clarification and approval by DOE.

The project involves the construction of a 260 tons-per-day (TPD) methanol plant utilizing an
existing coal-derived synthesis gas from Eastman’s integrated coal gasification facility. The new
equipment consists of synthesis gas feed preparation and compression, the liquid phase reactor

and auxiliaries, product distillation, and utilities.

The technology to be demonstrated has been developed by Air Products in a DOE-sponsored
program that started in 1981. Originally tested at a small, DOE-owned experimental facility in
LaPorte, Texas, the LPMEOH™ process offers several advantages over current methods of
making methanol. This liquid phase process suspends fine catalyst particles in an inert liquid,
forming a slurry. The liquid slurry dissipates heat from the chemical reaction away from the
catalyst surface, protecting it and allowing the methanol synthesis reaction to proceed at higher
rates. The process is ideally suited for directly processing gases produced by modern coal
gasifiers. At the Eastman Chemical complex, the technology will be integrated with existing
coal gasifiers to demonstrate the commercially important aspects of the operation of the

LPMEOH™ process to produce methanol.

A four-year demonstration will prove the commercial applicability of the process. An off-site

product test program will prove the suitability of the product as a transportation fuel and as a
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fuel for stationary applications in the power industry. In future commercial facilities, advanced
coal-to-methanol processes may be a cost-enhancing option for coal gasification-based power
plants. Future facilities using “integrated gasification-combined-cycle technology” will produce
methanol as a co-product during times of low electricity demand, allowing the gasifiers to

operate at steady, peak performance.

This project may also demonstrate the production of dimethyl ether (DME) as a mixed
coproduct with methanol if laboratory and pilot-scale research and market verification studies
show promising results. If implemented, the DME would be produced during the last six
months of the four-year demonstration period. DME has several commercial uses. In a storable
blend with methanol, the mixture can be used as a peaking fuel in coal gasification-based electric
power generating facilities. DME can also be used to increase the vapor pressure of methanol,
making it suitable for use as a diesel engine fuel. Blends of methanol and DME can be used as

chemical feedstocks for synthesizing chemicals, including new oxygenated fuel additives.

The project was reinitiated in October of 1993, when DOE approved a site change to the
Eastman Chemical complex located in Kingsport. Since then the program has been in the
project definition phase, and during this last quarter, it transitioned fo the design phase. The
project requires review under the National Environmental Policy Act (NEPA) to move to the
construction phase, which is scheduled to begin in August of 1995. DOE is moving forward
with the preparation of an Environmental Assessment (EA) and Finding of No Significant
Impact (FONSI), which are necessary to complete this review process. The facility is scheduled
to be mechanically complete in November of 1996.

A. Introduction
The Liquid Phase Methanol (LPMEOH™) demonstration project at Kingsport, Tennessee is a
$213.7 million cooperative agreement between the U.S. Department of Energy (DOE) and Air
Products and Chemicals, Inc. (Air Products). A facility producing 260 TPD of methanol will be
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located at the Eastman Chemical Company (Eastman) complex located in Kingsport, Tennessee.
This project is sponsored under the DOE's Clean Coal Technology Program and its objective is
to "demonstrate at a commercial scale the production of methanol from coal derived Synthesis
gas using the LPMEOH™ process. The project will also determine the suitability of the
methanol produced for use as a chemical feedstock or as a low sulfur dioxide (502), low

nitrogen oxides (NOy) alternative fuel in stationary and transportation application.”

The project may also demonstate the production of dimethyl ether (DME) as a mixed coproduct
with methanol, if laboratory- and pilot-scale research and market verification studies show
promising results. If implemented, the DME would be produced during the last six months of

the four-year demonstration period.

The LPMEOH™ process was developed by Air Products in a DOE-sponsored program that
started in 1981. It was successfully piloted at a 10 TPD rate in the DOE-owned facility at Air
Products’ LaPorte, Texas, site. This demonstration project is the culmination of this extensive

effort.

Project Description

Existing Site

The 0.6 acre demonstration facility will be integrated into the existing 4,000 acre Eastman
complex located in Kingsport, Tennessee. The Eastman complex employs approximately 12,000
people. In 1983 Eastman constructed a coal gasification facility utilizing Texaco technology.
The synthesis gas generated by this gasification facility is used to produce carbon monoxide and
methanol. Both of these products are used to produce methyl acetate and ultimately cellulose
acetate and acetic acid. The availability of this highly reliable coal gasification facility was the
major factor in selecting this location for the LPMEOH™ Process Demonstration. Three
different feed gas streams (hydrogen gas, carbon monoxide gas, and balanced gas) will be

diverted from existing operations to the LPMEOH™ facility, thus providing the range of coal-
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derived synthesis gas compositions needed to meet the technical objectives of the demonstration

project.

For design and construction scheduling, and for descriptive purposes, the project has been

divided into four major process areas with their associated equipment:

. Reaction Area - Synthesis gas preparation and methanol synthesis reaction
equipment.
. Purification Area - Product separation and purification equipment.

. Catalyst Preparation Area - Catalyst and slurry preparation and disposal
equipment.

. StoragelUtility Area - Methanol product, slurry and oil storage equipment.

The physical appearance of this facility will closely resemble the adjacent Eastman process

plants, including process equipment in steel structures.

Reaction Area

The reaction area will include feed gas compression and catalyst guard beds, the reactor, a steam
drum, separators, heat exchangers, and pumps. The equipment will be supported by a matrix of
structural steel. The most salient feature will be the reactor, since with supports, it will be

approximately 84 feet tall.

Purification Area

The purification area will feature two distillation columns with supports; one will be
approximately 82 feet tall, and the other 97 feet tall. These vessels will resemble the columns of
the surrounding process areas. In addition to the columns, this area will include the associated

reboilers, condensers, air coolers, separators, and pumps.
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StoragelUtility Area
The storage/utility area will include two diked lot-tanks for methanol, two tanks for oil storage,
a slurry holdup tank, trailer loading/unloading area, and an underground oil/water separator.

Catalyst Preparation Area
The catalyst preparation area consists of a building with a roof and partial walls, in which the
catalyst preparation vessels, slurry handling equipment, and spent slurry disposal equipment will

be housed. In addition, a hot oil utility system is included in the area.

Process Description

The LPMEOH™ plant will be integrated with Eastman's coal gasification facility. A simplified
process flow diagram is included in Appendix E. Synthesis gas will be introduced into the slurry
reactor, which contains liquid mineral oil with suspended solid particles of catalyst (the slurry).
The synthesis gas dissolves through the oil, contacts the catalyst, and reacts tovform methanol.
The heat of reaction is absorbed by the slurrjy and is removed from the slurry by steam coils.
The methanol vapor leaves the reactor, is cdndensed to a liquid, sent to the distillation columns
for removal of higher alcohols, water, and other impurities, and is then stored in the day tanks
for sampling before being sent to Eastman's methanol storage. Most of the unreacted synthesis
gas is recycled back to the reactor with the synthesis gas recycle compressor, improving cycle
efficiency. The methanol will be used for downstream feedstocks and in off-site fuel testing to
determine its suitability as a transportation fuel and as a fuel for stationary applicétions in the

power industry.

Project Status '
During the period 1 October 1994 to 31 March 1995, the project team completed essentially all
of the activities necessary to start detailed design. Major accomplishments during this period are

as follows:
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1. Project Management Plan

Review.

e A Design Hazards Review (DHR) is required by Air Products and Eastman safety procedures and is
also part of OSHA PSM (Hocess Safety Management) requirements. Eastman's safety review
methodology will be used for these meetings. DHR's were started with a 3-day session in March of
1995 at Kingsport. The reviews will continue in April and May.

¢ Operability reviews were held to identify potential risks and ensure all elements are included in the
plant design for reliable plant operations. Air Products and Eastman team members included
representatives from Process, Project, Machinery Engineering, the LaPorte Alternative Fuels
Development Unit (AFDU), Process Controls, Engineering Technology, Systems Engineering,
Maintenance and Plant Operations. A total of 12 days (approximately 100 person days) were spent
on this effort.

Agreements

e The Continuation Application was submitted to the DOE on 7 October 1994.

The DOE conditionally approved the Continuation Application to proceed to Budget Period No. 2
{Design and Construction) on 3 February 1995.

¢ The Cooperative Agreement was modified on 15 March 1995 (Mod. A008). This modification
acknowledged the Novation Agreement by which the project parﬁcipant was transferred from Air
Products to Air Products Liquid Phase Conversion Company, L. P.; extended the project
completion date to 31 December 2001; and allowed the project to proceed into Budget Period No.
2. The modification also incorporated an updated Statement of Work, Statement of Joint
Objectives, and the Eastman and Air Products Agreements as submitted with the Continuation
Application. Final clarification and DOE approval of the Novation Agreement is expected in the
next quarter.

o The Draft Project Evaluation Plan for Budget Period No. 2 was prepared and submitted to DOE for
review on 15 March 1995, |

Page 9 of 18







Safety

The Design Hazard Reviews were started at Kingsport on 21-23 March 1995. The distillation and
product loading areas were covered. Eastman's safety team is directing the Hazard Review process
using their methodology. Eastman provided training for the Air Products Hazard Review team in
February at Air Products’ Trexlertown offices.

A Fire Protection Plan was written and approved by Eastman's insurer, Factory Mutual

2. Technology Baseline

Process Design

Coordinated centrifuge tests for the spent catalyst oil recovery were held at the vendor's (Centrico)
facility in Northvale, New Jersey on 25-26 January 1995. The need for two centrifuges in series to
remove solids to below 1% in the recovered oil was confirmed. It was decided that the centrifuges
would be eliminated from the Kingsport scope, since the value of the recovered oil did not justify
the capital cost.

The process design was revised to combine the duties and save one set of high pressure slurry
pumps.

An analytical study of Kingsport feed gas was completed. See attached report from C. M. Chen,
dated 5 May 1995 in Appendix A. Based on this data Air Products determined that only one guard
bed was needed to protect the catalyst. This guard bed will remove possible iron carbonyl and
nickel carbonyl contaminants to below the 10 ppb level. Air Products is contemplating a more
extensive testing program of the synthesis gas prior to startup. A laboratory-scale reactor would be
utilized at the Kingsport site for 2 to 4 weeks to detect catalyst poisons over an extended period.
Essentially all of the process equipment has been specified. The report in Appendix B (2 pages and
summary page) on specification status shows that all but 4 of the 61 process equipment items have
been specified.

Extensive operability and hazards reviews were supported.

Vendor quotes were evaluated and selections were made for 45 items to date.
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Design Engineering

¢ Mechanical specifications have been released for 59 of the 65 items that are on the equipment list;

see report on specification status in Appendix B.

* An Air Products lead piping designer has been providing preliminary layout drawings to support

nozzle orientation requirements for the vendors. As of 31 March 1995, the reactor structure and

distillation area details are about 80% complete, and work has started on the catalyst building,

methanol storage, oil storage, and piperacks.

e The Piping and Instrument Diagrams (P&ID's) have gone through four revisions. When the Design

Hazard Review is complete, the P&ID will be available to start detailed civil and piping design. This

will be done in stages with design starting in the reactor and distillation areas.

e Air Products’ Systems Engineering is providing piping and valving specifications to support the

P&ID development.

Construction

No activity to report at this time. Eastman will make the process tie-ins during a shutdown scheduled

for May of 1995. Work on extending these lines to the battery limitsof the LPMEOH™ Process

Demonstration Facility will begin in April 1995.

3. Schedule Baseline
¢ The milestone schedule, dated 29 March 1995 (see Appendix C), has the following key dates:

L]

.

Complete NEPA Review
Start Construction

Complete Design Engineering
Complete Construction

Start Plant Operation

Complete Plant Operation

4. Cost Baseline

15 May 1995

15 August 1995

28 February 1996
15 November 1996
16 December 1996
4 January 2001

The Cost Plan for the Project was submitted to the DOE with the Continuation Application on 7

October 1995, and is included in Appendix D for reference. The Cost Plan shows Phase 1 (Design)
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costs of $11,711,000 and Phase 2 (Procurement and Construction) costs of $24,336,000 for a total of

$36,047,000 for these two phases. |

| Procurement

e Procurement activity was high during the period from January to March 1995. By the end of
March, 26 items were purchased with a total value of $2,600,000.

5. Financial Commitment

On 4 October 1994, Air Products and Eastman signed the agreements that would form the Partnership,

secure the demonstration site, and provide the financial commitment and overall management for the

Project. These Partnership agreements became effective on 15 March 1995, when DOE authorized the

commencement of Budget Period No. 2 (Mod. A008 to the Cooperative Agreement). The Partnership

has subcontracted with Air Products to provide the overall management of the Project, and to act as the

primary interface with DOE. Air Products., as subcontractor to the Partnership, will also provide the

engineering design, procurement, construction, and commissioning of the LPMEOH™ Process

Demonstration Facility, and will provide the technical and engineering supervision needed to conduct

the operational testing program required as part of the Project. As subcontractor to Air Products,

Eastman will be responsible for operation of the LPMEOH™ Process Demonstration Facility, and for

the interconnection and supply of synthesis gas, utilities, product storage, and other needed services.

6. National Environmental Policy Act

e Eastman applied for an Air Permit with the Tennessee Department of Environment and
Conservation in December of 1994. Approval of the permit was granted in March of 1995.

¢ DOE’s Pittsburgh Energy Technology Center (PETC) NEPA team met with Air Products and
Eastman at Kingsport on 27 October 1994 for a site visit.

¢ The Environmental Information Volume (EIV) was reissued as Rev. 5 on 13 March 1995.

e PETC completed the draft Environmental Assessment (EA) in January/February of 1995.

¢ Answers to PETC NEPA team questions on the EIV were provided.

e Review of the draft EA by the States of Tennessee and Virginia was initiated in March 1995.
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E. Planned Activities

¢ During the next quarter (April - June 1995)&

.

Design Hazard Reviews will be completed.

Civil and piping design will begin.

Control valves and other instrumentation will begin to be specified.

All remaining equipment will be specified and purchased.

Tie-in to the Eastman facility will be nearly complete.

A Design Engineering schedule will be released.

DOE will issue the final EA and a Finding of No Significant Impact (FONSI).

F. Summary

¢ Process Engineering and Equipment Engineering activities have been at a high level this period, and

essentially all of the equipment is out for bid or has been purchased.

e Vendor information is just starting to arrive.

e P&ID development has progressed rapidly and a civil/piping design start is imminent.

e A program to test synthesis gas for catalyst poisons is being considered.

¢ DOE conditionally approved the Continuation Application to Budget Period No. 2 (Design and

Construction).
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APPENDICES
APPENDIX A. C. M. Chen memo dated 9 May 1995 (5 pages)
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AIR 7/

Memorandum PRODUCTS 4=
To: Distribution Dept./Loc.:

From:  C.M. Chen Dept/Ext:  PSE Process Eng./1-3315

Date: 9 May 1995

Subject:  Updated summary of Kingsport LPMEOH feed stream analysis results

D
P
P
D
S
F.
E.
B
Ea
M.
T.

Distribution:

Air Products:

D. M. Brown *

W.R. Brown *

Chin-Fatt *

Clark *

Clark *

Drown/F. S. Frenduto *
Gardner *

Lucrezi *

Schaub/V. E. Stein/B. L. Bhatt/M. S. Mazdai/S. P. DiMartino *
Toseland/X-D Peng *

> 0 B 10 S

stman Chemical:
S. Baggett

T. Golob

W. C. Jones

J. L. Phillips

K. M. Pittman

J. K. Sanders

* sent via MS Mail

The attached table is an updated summary of Kingsport gas feed stream
analytical results. Results of gas scrubbing followed by ICP-AES (10 January
1995 report) and gas chromatographic analysis (23 February 1995 analysis

report) have been incorporated into the table.

Please call me (610-481-3315) if you have any questions or comments.

Christopher M. Chen

FORM 1020 (REV. &/89)
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Process Specs

Process Area

Compressor Area
Reactor Area
Distillation Area
Catalyst Prep
Storage/Misc
Vents

Total

'Equipment Specs

Process Area

Compressor Area
Reactor Area
Distillation Area
Catalyst Prep
Storage/Misc
Vents

Total

Kingsport LPMEOH Project 00-3-8215
Specification Status

Completed To Do % Completed
7 0 100%
8 0 100%
23 2 92%
10 0 100%
0 100%
0 2 0%
57 4 93%
Completed To Do % Completed
7 0 100%
0 100%
24 2 92%
10 1 91%
10 1 91%
0 2 0%

59 6 91%
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APPENDIX E. Simplified Process Flow Diagram (1 page)
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